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The properties of the massive neutron star PSR J0348+0432 is calculated in the frame-
work of the relativistic mean field theory by choosing the suitable hyperon coupling
constants. It is found that the central energy density ǫc and the central pressure pc of
the massive neutron star PSR J0348+0432 respectively are 1.5 times larger and 3.6 times
larger than those of the canonical mass neutron star. It is also found that in the neutron
star PSR J0348+0432 there are five kinds of baryons appearing: n, p, Λ, Ξ− and Ξ0
but in the canonical mass neutron star there are only three kinds of particles appearing:
n, p and Λ. In our models, the positive well depth U
(N)
Σ will restrict the production of
the hyperons Σ−, Σ0 and Σ+ and therefore either in the neutron star PSR J0348+0432
or in the canonical mass neutron star the hyperons Σ−, Σ0 and Σ+ all do not appear.
In addition, our results also show that the radius R of the massive neutron star PSR
J0348+0432 is less than that of the canonical mass neutron star while the gravitational
redshift of the former is larger than that of the latter.
Keywords: gravitational redshit; relativistic mean field thoery; neutron star
PACS numbers: 21.65.+f, 24.10.Jv,26.60.+c,21.30.Fe
1. Introduction
Recent years, several massive neutron stars have been discovered successively.
In 2010 the neutron star PSR J1614-2230 with the mass of 1.97±0.04 M⊙ was
observed 1. Through a causality equation R ≥ 8.3( M1.97M⊙ ) km, in conjunction
with the recent spectroscopic measurements of neutron-star radii in X-ray bina-
ries that place them at values 12 km 2,3, it would lead to the very narrow range
8.3 km≤ R ≤ 12 km for all neutron stars 4. Hereafter, the massive neutron stars
have been widely studied with different models of dense matter, such as massive
hadronic neutron stars 5,6,7,8,9,10,11,12, quark-hadron hybrid stars 13,14,15, hadronic
stars within other approximations such as mean-field relativistic or quark-meson
coupling model 16,17,18 and so on.
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It is well known that the gravitational redshift of a neutron star is closely con-
nected to the value ofM/R, withM being the mass and R the corresponding radius.
Supposing that the gravitational redshift is known, if the mass M or the radius R
is known the other quantity would be determined 19. To the contrary, if the mass
M and the radius R are all known the gravitational redshift also can be calculated.
The mass and the radius of a neutron star are interconnected by Oppenheimer-
Volkoff (O-V) equation. Since the coupling constants would influence the properties
of the neutron star matter, once the mass is known it will provide constraints on
the properties of the neutron star matter and this would constrain the coupling
constants, which would influence the radius. So, each newly observed neutron star
mass would provide a new constraint on the radius and further on the gravitational
redshift.
In 2013, massive neutron star PSR J0348+0432 with the mass of 2.01±0.04 M⊙
was obsearved by Antoniadis et al 20. Its massive mass must undoubtedly provide
constraints on the radius and the gravitational redshift. The past studies have found
the gravitational redshift of the neutron stars is in the range of 0.25 ∼ 0.35 21. But
for the massive neutron star PSR J0348+0432, its gravitational redshift is still not
known.
The observation data of the gravitational redshift of the massive neutron star
PSR J0348+0432 is lacking and so to theoretically study it is necessary. For this
purpose, its mass together with its radius must first be obtained theoretically.
In order to obtain a more lager neutron star mass, the equation of state (EoS)
should be enough harder. The calculations showed the mass of neutron stars is in the
range of 1.5 ∼ 1.97 M⊙ if the hyperon degree of freedom is considered but can gain
2.36 M⊙ as only the nucleons being considered
22,23,5. Obviously, the emergence of
the hyperons will reduce the neutron star mass.
Neutron stars are compact objects, within which hyperons will appear. So con-
sidering the hyperon degree of freedom in neutron stars should be reasonable 22. To
calculate the mass of a neutron star by the relativistic mean field (RMF) theory,
we must choose the nucleon coupling constants and the hyperon coupling constants
at first.
The calculations showed that the nucleon coupling constants GL85 can better
describe the properties of the neutron star matter 19. For the hyperon coupling
constants, there are many selection method. For example, we can select the hyperon
coupling constants of mesons ρ, ω by SU(6) symmetry and those of meson σ by
fitting the Λ,Σ and Ξ well depth in nuclear matter 5.
In this paper, the properties of the massive neutron star PSR J0348+0432 is
studied in the framework of the RMF theory considering the baryon octet.
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2. The RMF theory and the mass of a neutron star
The Lagrangian density of hadron matter reads as follows 19
L =
∑
B
ΨB(iγµ∂
µ −mB + gσBσ − gωBγµω
µ
−
1
2
gρBγµτ · ρ
µ)ΨB +
1
2
(
∂µσ∂
µσ −m2σσ
2
)
−
1
4
ωµνω
µν +
1
2
m2ωωµω
µ
−
1
4
ρµν · ρ
µν
+
1
2
m2ρρµ · ρ
µ −
1
3
g2σ
3 −
1
4
g3σ
4
+
∑
λ=e,µ
Ψλ (iγµ∂
µ
−mλ)Ψλ. (1)
This Lagrangian is the non-linear Walecka-Boguta-Bodmer type. Here, ΨB is the
Dirac spinor of the baryon B, the corresponding mass is mB. σ, ω and ρ are the
field operators of the σ, ω and ρ mesons, respectively. mσ, mω and mρ are the
masses of these mesons and mλ expresses the leptonic mass. gσB , gωB and gρB are,
respectively, the coupling constants of the σ, ω and ρ mesons with the baryon B.
1
3g2σ
3+ 14g3σ
4 expresses the self-interactive energy, in which g2 and g3 are the self-
interaction parameters of σ-meson. And the last term expresses the Lagrangian of
both electron and muon.
Then the RMF approach is used. The condition of β equilibrium in neutron star
matter demands the chemical equilibrium
µi = biµn − qiµe, (2)
where bi is the baryon number of a species i and qi is its electric charge number.
We choose the nucleon coupling constant GL85 set in this work 22 : the saturation
density ρ0=0.145 fm
−3, binding energy B/A=15.95 MeV, a compression modulus
K = 285 MeV, charge symmetry coefficient asym=36.8 MeV and the effective mass
m∗/m=0.77.
For the hyperon coupling constant, we define the ratios: xσh =
gσh
gσ
= xσ, xωh =
gωh
gω
= xω, xρh =
gρh
gρ
, with h denoting hyperons Λ,Σ and Ξ.
We choose xρΛ = 0, xρΣ = 2, xρΞ = 1 by SU(6) symmetry
24. The experiments
show U
(N)
Λ = −30 MeV
25, U
(N)
Σ = 10 ∼ 40 MeV
26,27,28,29 and U
(N)
Ξ = −28
MeV 30. Therefore, in this work we choose U
(N)
Λ = −30 MeV, U
(N)
Σ =40 MeV and
U
(N)
Ξ = −28 MeV, respectively.
The calculations show the ratio of hyperon coupling constant to nucleon coupling
constant is in the range of ∼ 1/3 to 1 23. So, we choose xσ=0.4, 0.5, 0.6, 0.7, 0.8,
0.9,1.0 and for each xσ we first choose xω=0.4, 0.5, 0.6, 0.7, 0.8, 0.9,1.0, respectively.
Then, considering the restriction of the hyperon well depth 19
U
(N)
h = mn
(
m∗n
mn
− 1
)
xσ +
(
gω
mω
)2
ρ0xω , (3)
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the hyperon coupling constants xω will be slightly adjusted. Thus parameters we
choose are listed in Table 1.
Table 1. The hyperon coupling constants fitted
to the experimental data of the well depth, which
are UNΛ = −30 MeV, U
N
Σ = +40 MeV and
UNΞ = −28 MeV, respectively.
xσΛ xωΛ xσΣ xωΣ xσΞ xωΞ
0.4 0.3679 0.4 0.8250 0.4 0.3811
0.5 0.5090 0.5 0.9660 0.5 0.5221
0.6 0.6500 0.6 0.6630
0.7 0.7909 0.7 0.8040
0.8 0.9319 0.8 0.9450
We use the O-V equation to obtain the mass and the radius of neutron stars
dp
dr
= −
(p+ ε)
(
M + 4πr3p
)
r (r − 2M)
, (4)
M = 4π
∫ r
0
εr2dr. (5)
In the present model, Σ hyperons are not produced anyway 31. So in Table 1
we only choose xσΣ = 0.4 and xωΣ=0.825 while xσΣ = 0.5 and xωΣ=0.9660
can be deleted. From Table 1, we can compose of 25 sets of suitable parame-
ters ( named as NO.01, NO.02, ..., NO.25, respectively ), for which we calculate
the mass of the neutron star. The results show only sets of parameters NO.24 (
xσΛ = 0.8, xωΛ=0.9319; xσΣ = 0.4, xωΣ = 0.825; xσΞ = 0.7, xωΞ = 0.804 ) and
NO.25 ( xσΛ = 0.8, xωΛ=0.9319; xσΣ = 0.4, xωΣ = 0.825; xσΞ = 0.8, xωΞ = 0.945
) can obtain the masses greater than that of the massive neutron star PSR
J0348+0432 ( for the former, the maximum mass is Mmax=2.0132 M⊙, for the
latter, the maximum mass is Mmax=2.0572 M⊙) ( see Fig. 1).
We see that the neutron star mass obtained by NO.24 is Mmax=2.0132 M⊙,
which is more close to the mass of the neutron star PSR J0348+0432 ( M=2.01
M⊙ ). Next, we respectively fine tune the xσΞ to 0.69, 0.695, 0.6946 and the corre-
sponding xωΞ got by fitting to the well depth are 0.79, 0.797, 0.7964, respectively.
With the parameters above, the corresponding maximum mass of the neutron star
respectively are Mmax=2.007, 2.0102, 2.01 M⊙. Thus, we have obtained one set of
parameters which can give the mass of the neutron star PSR J0348+0432:xσΛ = 0.8,
xωΛ = 0.9319, xσΣ = 0.4, xωΣ = 0.825, xσΞ = 0.6946, xωΞ = 0.7964( see Fig. 2). In
the next step, with it we can describe the gravitational redshift of the neutron star
PSR J0348+0432.
Besides, because parameter NO.05 ( xσΛ = 0.4, xωΛ=0.3679; xσΣ = 0.4, xωΣ =
0.825; xσΞ = 0.8, xωΞ = 0.945 ) gives the maximum mass M =1.4843 M⊙, which
is close to the mass of the canonical mass neutron star ( named as CM-NS ), we
choose it as a comparison. Although there is no freedom to change the coupling
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Fig. 1. The radius as a function of the mass of the neutron star.
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Fig. 2. The fitting process of the neutron star PSR J0348+0432.
constants of the hypernuclear Lagrangian to describe massive and canonical stars,
in the two cases the neucleon copling constant GL85 is yet the same. We think that
to comparise these two cases still is meaningful.
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3. The properties of the massive neutron star PSR J0348+0432
The properties of the neutron stars calculated in this work is shown in Table 2, from
which and Fig. 2 we see the radius of the massive neutron star PSR J0348+0432 is
R = 12.072 km but that of the canonical mass neutron star is R = 13.245 km in
our calculations. The former is about 9 % less than the latter.
The mass of the massive neutron star PSR J0348+0432 is M = 2.01 M⊙ while
that of the canonical mass neutron star is only M = 1.48 M⊙ in our work, i.e. the
former is about 1.36 times larger than the latter. This means the EoS of the massive
neutron star PSR J0348+0432 must be more harder than that of the canonical mass
neutron star. These cases can be seen in Fig. 3. In addition, the central energy
density of the massive neutron star PSR J0348+0432 is ǫc=5.6695 fm
−4 while that
of the canonical mass neutron star is only ǫc=3.8362 fm
−4, i.e. the former is about
1.5 times larger than the latter. We also can see that the central pressure of the
massive neutron star PSR J0348+0432 is pc=1.585 fm
−4 while that of the canonical
mass neutron star is only pc=0.435 fm
−4, which means the former is about 3.6
times larger than the latter. So harder EoS of the neutron star PSR J0348+0432
necessarily provide more lager mass.
Table 2. The mass M , the radius R, the central energy density εc, the
central pressure pc, the central baryon density ρc and the gravitational
redshift z of the neutron stars calculated in this work.
neutron star M R εc pc ρc z
M⊙ km fm
−4 fm−4 fm−3
PSR J0348+0432 2.01 12.072 5.6695 1.585 0.9153 0.4026
CM-NS 1.48 13.245 3.8362 0.435 0.6961 0.2226
On the other hand, the difference between the EoS of the neutron star PSR
J0348+0432 and that of the canonical mass neutron star must indicate the difference
of the particles distribution in the star. Fig. 4 gives the relative particle number
density as a function of the baryon density. We see that in the neutron star PSR
J0348+0432 there are five kinds of baryons appearing: n, p, Λ, Ξ− and Ξ0 but in
the canonical mass neutron star there are only three kinds of particles appearing:
n, p and Λ. Because of the lower density in the canonical mass neutron star the
hyperons Ξ− and Ξ0 can not produce. In our models, the positive well depth U
(N)
Σ
will restrict the production of the hyperons Σ−, Σ0 and Σ+. Therefore, either in the
neutron star PSR J0348+0432 or in the canonical mass neutron star the hyperons
Σ−, Σ0 and Σ+ all do not appear.
4. The gravitational redshift of the massive neutron star PSR
J0348+0432
The gravitational redshift of a neutron star is given by 19
z = (1−
2M
R
)−1/2 − 1. (6)
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Fig. 3. The pressure as a function of the energy density. The εc denotes the central energy density
of the neutron star.
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Fig. 4. The relative particle number density as a function of the baryon density. The ρc denotes
the central baryon density.
From the above we see the difference between the EoS of the neutron star PSR
J0348+0432 and that of the canonical mass neutron star results in the differences
of the mass and the radius. Because the gravitational redshift is connected with the
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ratio of mass to radiusM/R ( see Eq.(6)), the difference between the EoS inevitably
lead to the difference of the gravitational redshift between them.
The gravitational redshift z as a function of the central energy density ǫc is
given in Fig. 5. We see the gravitational redshift of the massive neutron star PSR
J0348+0432 is z =0.4026 while that of the canonical mass neutron star is z =0.2226.
The former is about 1.8 times larger than the latter. The value range of the gravita-
tional redshift given by Liang is 0.25∼0.35 21. Obviously, the gravitational redshift
of the massive neutron star PSR J0348+0432 is far greater than that value range.
That is because the mass of the neutron star PSR J0348+0432 is more larger than
those observed before.
0 1x1015 2x1015 3x1015 4x1015 5x1015
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48
+0
43
2
B ( 1.3495X1015, 0.2226 )
z
c
 / g.cm-3
Fig. 5. The gravitational redshift as a function of the central energy density.
Figure 6 and Fig. 7 display the gravitational redshift z as a function of the radius
R or the mass M , respectively. We see the gravitational redshift z decreases with
the radius R increases but increase with the mass M increases. From Eq.(6) we
know the gravitational redshift z is positive correlation with the ratio M/R. For
the neutron star PSR J0348+0432 the ratio is M/R=0.1665 while for the canonical
neutron star the ratio is M/R=0.1121. The former is greater that the latter. So the
gravitational redshift of the massive neutron star PSR J0348+0432 is greater than
that of the canonical mass neutron star.
In this work, by adjusting the hyperon couplings we obtain one set of parameters,
with which we studied the the gravitational redshift of the massive neutron star
PSR J0348+0432. But, of course, through the similar steps we also can get a lot
of other sets of parameter, which can similarly give the mass of the neutron star
PSR J0348+0432 and equally fit to the hyperon well depth. Hence, the parameters
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Fig. 7. The gravitational redshift as a function of the mass.
used in this work only is one of all the possible ones. But even so, our results to
some extent can illustrate the properties especially the gravitational redshift of the
massive neutron star PSR J0348+0432.
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5. Summary
In this paper, the properties of the massive neutron star PSR J0348+0432 is calcu-
lated in the framework of the RMF theory by choosing the suitable hyperon coupling
constants. It is found that if U
(N)
Λ = −30 MeV, U
(N)
Σ =40 MeV, U
(N)
Ξ = −28 MeV,
xρΛ = 0, xρΣ = 2, xρΞ = 1 and the nucleon coupling constant GL85 are chosen we
can obtain one set of suitable parameter, which can describe the mass of the massive
neutron star PSR J0348+0432.
The results show the central energy density ǫc of the massive neutron star PSR
J0348+0432 is 1.5 times larger than that of the canonical mass neutron star and
the central pressure pc of the massive neutron star PSR J0348+0432 is 3.6 times
larger than that of the canonical mass neutron star. We also see that in the neutron
star PSR J0348+0432 there are five kinds of baryons appearing: n, p, Λ, Ξ− and
Ξ0. But in the canonical mass neutron star, only three kinds of particles ( n, p and
Λ ) appear and the hyperons Ξ− and Ξ0 do not produce. Either in the neutron star
PSR J0348+0432 or in the canonical mass neutron star the hyperons Σ−, Σ0 and
Σ+ all do not appear.
We also can see the radius and the gravitational redshift of the massive neutron
star PSR J0348+0432 respectively are R=12.072 km and z=0.4026 and those of
the canonical mass neutron star severally are R=13.245 km and z=0.2226. That is
to say, the radius of the massive neutron star PSR J0348+0432 is about 9 % less
than that of the canonical mass neutron star and the gravitational redshift of the
massive neutron star PSR J0348+0432 is about 1.8 times larger than that of the
canonical mass neutron star.
The recent published work on hyperonic dense matter and compact stars show
that to assume the massive neutron stars contain hyperon freedom perhaps is rea-
sonable 32,33,34,35. These cases are consistent with our results.
The results about the neutron star PSR J0348+0432 should be also applicable
to ”massive neutron stars”, which are defined as those with masses close to 2 M⊙.
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